Aim: To investigate the association between the use of cellular or cordless telephones and the risk for salivary gland tumours. Methods: Cases were assessed from the six regional cancer registries in Sweden. Four controls matched for sex and age in five year age groups were selected for each case. A total of 293 living cases and 1172 controls were included. Results: There were 267 (91%) participating cases and 1053 (90%) controls. Overall no significantly increased risk was found. Odds ratios were 0.92 (95% CI 0.58 to 1.44) for use of analogue phones, 1.01 (95% CI 0.68 to 1.50) for use of digital phones, and 0.99 (95% CI 0.68 to 1.43) for use of cordless phones. Similar results were found for different salivary gland localisations. No effect of tumour induction period or latency was seen, although few subjects reported use for more than 10 years.
R
ecently we published results from a large case-control study on the use of cellular and cordless telephones and the risk for brain tumours. [1] [2] [3] [4] [5] In summary we found a significantly increased risk for use of analogue cellular telephones, with the highest risk for tumours located in the most exposed part of the brain. Different phones result in different anatomical distribution of the specific absorption rate of the microwaves, 6 7 and since the parotid gland is located in an area where some phones give a high exposure to microwaves, it is appropriate to also study this tumour type.
During cellular phone calls microwaves are transmitted and received in the range 400-2000 MHz. In Sweden the analogue system (Nordic Mobile Telephone System; NMT) was introduced in 1981, operating at 450 MHz, often in a car with fixed external antenna; from 1984 the first portable analogue phones were available. The analogue 900 MHz system operated in Sweden between 1986 and 2000. The digital system (Global System for Mobile Communication; GSM) started in 1991 and has been the most common phone system in use since the end of the 1990s in Sweden. Furthermore, desktop cordless telephones have been used in Sweden since 1988. Initially the analogue system in the 800-900 MHz RF range was used, but digital cordless telephones that operate at 1900 MHz are now available.
Salivary gland tumours are rare and constituted only 0.2% of all tumours reported to the Swedish cancer register in 2001. 8 Both benign and malignant tumours have been reported, and a total of 90 cases were registered in 2000. About 90% of the tumours are located in the parotid gland. Salivary gland tissue is also present in a number of other sites, such as the lips, gum, floor of mouth, hard and soft palate, tonsillar region, tongue, and lacrimal gland. In all these different localisations both inflammatory and neoplastic lesions may occur.
Ionising radiation is one risk factor for salivary gland tumours. 9 Medical radiation treatment of the head or neck, full mouth dental x rays, and ultraviolet light treatment to the head and neck have been associated with salivary gland cancer. 10 Work in the rubber industry has been described as one risk factor, 10 but salivary gland tumours are usually not regarded as occupational diseases. Smoking is not regarded as a risk factor.
Regarding cellular phones and the risk for salivary gland tumours, a Finnish study reported an odds ratio (OR) of 1.3 (95% CI 0.4 to 4.7) for those who had ever had a cellular phone subscription. 11 However, use of cordless phones was not assessed in that study. A Danish study on subscribers of cellular telephones found seven salivary gland tumours versus nine expected. 12 However, inflammatory changes in the parotid gland associated with microwave exposure have been reported. 13 
METHODS
The geographical study area was the whole of Sweden. All local ethical committees in the different geographical study areas approved the study. The cases were reported from the regional cancer registries. Due to local circumstances such as inclusion of the patients in other studies, the recruitment period for patients differed in the various medical regions of Sweden. Thus, patients were included from the Stockholm and Linköping medical regions during 1 January 1994 to 31 December 1999, Uppsala-Ö rebro during 1 January 1994 to 30 June 2000, and for the rest of Sweden (the Umeå, Göteborg, and Lund medical regions) during 1 January 1994 to 30 June 1999. The physicians were contacted for permission to include patients in the study. Only living cases were finally included in the study in order to obtain as high a quality in assessment of exposure as possible.
The study was performed during the same time period as our study on brain tumours. [1] [2] [3] [4] Furthermore, the geographical area was similar same in both studies-that is, Stockholm, Uppsala-Ö rebro, Linköping, and Göteborg medical areas. Additionally patients were recruited from Umeå and Lund medical regions in this study. Four controls were used for each case matched for sex and age in five year groups. In the overlapping geographical area, controls (n = 815) were selected at random from those originally drawn for the brain tumour study; additionally 89 controls were selected from the population register when the matching criteria were not fulfilled in the brain tumour control group. From all other parts of Sweden (Umeå and Lund medical regions) controls were drawn from the Swedish national population register. Matching for age was done in five year age groups and the controls were selected at random from this age group. Controls were selected at the same time as cases. Each study subject received a unique ID number which did not indicate whether it was a case or control.
Assessment of exposure
Exposures were assessed using the same questionnaire as in our brain tumour study. [1] [2] [3] [4] A trained nurse checked and supplemented the answers over the phone using a written protocol. All subjects were called in order to obtain data of as high a quality as possible, as in our brain tumour study. 1 Thus, the study protocol was identical to that in the brain tumour study.
For cellular telephones questions were asked on type of phone and years of use. Also the first part of the phone number (prefix) was asked for to check if it was an analogue (010) or digital (070) phone. Mean number of daily calls and minutes were asked for and cumulative use in hours for all years was calculated. Data were also collected on use in a car with fixed external antenna or a hands-free device with an earpiece outside a car, both taken as no exposure to microwaves. In one question the ear most frequently used during cellular phone calls was asked for, or if both sides were equally used.
Regarding cordless phones the years of use, mean number of minutes per day, and ear used were asked for.
Subjects that started their use of a mobile or cordless phone within one year prior to diagnosis were regarded as unexposed. The same year was used for the matched control as for the corresponding case. Cumulative exposure was calculated in hours from the first year of use up to the year before diagnosis. If the first year was apparently incorrect-that is, before the phone used was on the market, this was corrected during the interviews and coding of exposure.
Histopathology results were obtained from the cancer registry. Information on tumour localisation was also available for many cases in the cancer registry report, otherwise from medical records after informed consent from the cases. All coding of anatomical area of the tumour and exposure was done without knowing whether the subject was exposed to cellular or cordless phones.
Statistical methods
Unconditional logistic regression analysis was used to calculate odds ratios (OR) and 95% confidence intervals (CI) (SAS Institute, Cary, NC). The material was divided into two groups: exposed and unexposed. The exposed cases and controls were further divided according to phone type: analogue, digital, and cordless. A person may have been using more than one type of telephone. The unexposed group consisted of cases and controls without exposure to either cellular or cordless telephones. Adjustment was made for age and sex. In one analysis adjustment was also made for study area-that is, the geographical area as in the brain tumour study or the rest of Sweden, but this did not significantly change the results (data not presented). In the calculations of laterality of exposure, the corresponding control was assigned the same anatomical localisation as for the respective case.
RESULTS
In total 415 cases were reported from the regional cancer registries. Of these, 96 had died, 15 were excluded since the treating physician considered them not to be eligible, eight were excluded because of wrong diagnosis, and three were not able to participate due to severe disease. Thus a total of 293 cases were included. The questionnaire was answered by 267 (91%) of the cases. For the controls, 815 were selected at random from the initial control group in our study on brain tumours. Of these, 750 (92%) participated. Additionally 357 controls were drawn from the population registry for the remaining part of the country (see above), and 303 (85%) of Number of exposed cases (Ca) and controls (Co) is given. Dose-effect calculations were made with median number of hours for controls as cut-off. Unconditional logistic regression adjusted for age and sex. Unexposed group consisted of cases and controls with no exposure to cellular or cordless phones. Number of exposed cases (Ca) and controls (Co) is given. Unconditional logistic regression adjusted for age and sex. Unexposed group consisted of cases and controls with no exposure to cellular or cordless phones. these answered the questionnaire. Thus, the results were based on replies from 267 cases and 1053 (90%) controls. The median age for both controls and cases was 59 years (range 21-80). Of the cases, 136 (50.9%) were men and 131 (49.1%) women, compared with 532 (50.5%) and 521 (49.5%), respectively, of the controls. For the cases the median number of years for use of analogue phones was six, digital telephones three, and cordless phones five.
Ever use of analogue phones was reported by 31 cases (11.6%) and 137 controls (13.0%), digital phones by 45 cases (16.9%) and 170 controls (16.1%), and cordless phones by 48 cases (18.0%) and 200 controls (19.0%). Ever use of cellular and/or cordless phones was reported by 91 cases (34.1%) and 352 controls (33.4%).
Overall no association was found between cellular or cordless phones and salivary gland tumours (table 1) . The odds ratio for use of analogue phones was 0.92 (95% CI 0.58 to 1.44), for use of digital phones was 1.01 (95% CI 0.68 to 1.50), and for use of cordless phones was 0.99 (95% CI 0.68 to 1.43) . No significant change in the results was found when latency (tumour induction) period or dose-response by cumulative use was analysed with the median number of total hours for the controls used as cut off point (see table 1 ). The OR for all use, that is analogue, digital, and/or cordless phones was 1.02 (95% CI 0.75 to 1.38), with no effect of latency period or cumulative use in hours. Furthermore, no consistent pattern of increased risk was found according to laterality of the tumour and ear used during phone calls (data not shown). Table 2 presents results for different anatomical localisations. Tumours in the parotid gland constituted the majority. No increased risk was found for that localisation. An increased risk was found for all studied phone types or tumours in the submaxillary gland. However, these results were based on low numbers of cases. Table 3 presents histopathology types of the different salivary gland tumours. For squamous cell cancer an increased risk was found for analogue, digital, and cordless telephone types. When all telephone types were analysed together, OR was 4.41 (95% CI 0.77 to 25.4). However, squamous cell cancer constituted only 13 cases of 267 in total. The increased risk for cordless phones (OR 7.93, 95% CI 0.93 to 67.7) was based on only three exposed cases. The ORs for all cancer (excluding benign tumours) were 0.92 (95% CI 0.57 to 1.47) for analogue phones, 1.00 (95% CI 0.66 to 1.51) for digital phones, and 0.98 (95% CI 0.66 to 1.45) for cordless phones. With regard to benign tumours a somewhat increased risk was found for pleomorphic adenoma, but again based on low numbers.
DISCUSSION
We found no association between use of cellular or cordless telephones and salivary gland tumours in this study. There was no effect with increasing tumour induction period or number of hours of use of the different phones. However, only six cases had used a phone for more than 10 years, and all of these subjects had used the analogue type. Thus, this study cannot exclude an increased risk among subjects with heavy use for a long time period. The power of the study was to detect an OR >1.4 (a = 0.05, b = 0.20).
An effect of microwaves would occur during the promotion or progression stage of carcinogenesis. This study was not specifically designed to test a promoting effect or an influence during progression of the tumour. Because odds ratios are an estimate of incidence ratio an effect at these stages will be underestimated by a case-control approach if the factor acts during a comparatively short time.
The parotid gland is within an area with high exposure to microwaves. 6 7 For all studied phone types no association was found with tumours in the parotid gland. Furthermore, no consistent pattern of an association was found regarding laterality of phone use and anatomical tumour localisation. Regarding different tumour types an increased risk was found for squamous cell carcinoma for both cellular (analogue and digital) and cordless telephones. This might be of some interest since both ionising and UV radiation increase the risk for squamous cell carcinoma. 14 15 However, our finding was based on only 13 cases in total, so the result does not permit any conclusions. Skin cancer would be a more suitable tumour type to investigate if an association exists with microwaves. Recently we presented a patient with multiple basal cell carcinomas on the same side of the head as prolonged exposure to microwaves. 16 Previously we reported a case with angiosarcoma of the scalp and use of a cordless phone. 17 In a case-control study recall bias can influence the results. Also observational bias can be introduced during the interviews. The questionnaires obtained an ID number that did not indicate if it was a case or a control. All coding of data was done without knowing the subject identity. Furthermore, tumour localisation and type of tumour were assessed without knowledge of exposure data.
In summary our study did not show an association between use of cellular or cordless telephones and salivary gland tumours. However, only a small number of subjects had used such phones for a long period; a longer observation time is needed to exclude an effect on, for example, slowly growing tumours. A somewhat increased risk was found for squamous cell cancer, but this result was based on a small number of cases.
